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Introduction {#sec006}
============

A mass gathering has been defined by the World Health Organization (WHO) as an occasion, either organized or spontaneous, where the number of people attending is sufficient to strain the planning and response resources of the community, city, or nation hosting the manifestation \[[@pone.0234977.ref001]\].

Since mass gatherings attended by large crowds have become a more frequent feature of society, mass gathering medicine was highlighted as a new discipline at the World Health Assembly of Ministers of Health in Geneva in May 2014 \[[@pone.0234977.ref002]\]. As a consequence, the amount of international initiatives and meetings on mass gathering medicine has increased over the past decade as has the number of experts and the amount of publications on pre-event planning and surveillance for mass gathering. Mass gatherings are associated with increased health risks and hazards such as the transmission of communicable diseases, exacerbation of non-communicable diseases and comorbidities (e.g. diabetes, hypertension, COPD, cardiovascular events) and an impact on mental or physical health and psychosocial disorders \[[@pone.0234977.ref003]\]. Furthermore, the mental health consequences of traumatic incidents at mass gatherings can be prolonged with stress to people, families, and communities resulting in short-term fear of death as well as general distress, anxiety, excessive alcohol consumption, and other psychiatric disorders. If mass gatherings are improperly managed, this can lead to human, material, economic or environmental losses and impacts \[[@pone.0234977.ref004]\]. Therefore, the development of (cost-)effective methods for the planning and handling of the health risks associated with mass gatherings will strengthen global health security, prevent excessive emergency health problems and associated economic loss, and mitigate potential societal disruption in host and home communities \[[@pone.0234977.ref005]\].

To have a better understanding of the health effects of mass gatherings, a conceptual model for mass gathering health care was published in 2004 by Paul Arbon \[[@pone.0234977.ref006]\]. This model divided the key characteristics of mass gathering manifestations into three interrelated domains that may have an impact on the Patient Presentation Rate (PPR), the Transport To Hospital Rate (TTHR) and the level and extent of healthcare services: 1) the biomedical domain (i.e. biomedical influences such as demographic characteristics of the audience), 2) the psychosocial domain (i.e. psychological and social influences within mass gatherings including individual and crowd behaviour) and 3) the environmental domain (i.e. environmental features of a mass gathering including terrain and climatological conditions). Although most scientific papers on mass gathering are descriptive, i.e. without proper statistical analysis to predict medical usage rates, recently more prediction modelling studies have been developed and/or validated to have a better understanding of the patient care required at such manifestations. In order to formulate evidence-based, robust and effective interventions in the planning and management of mass gatherings, the scientific underpinning of Arbon's conceptual model by a systematic screening, analysis and critical appraisal of prediction modelling studies for medical usage rates at mass gatherings was needed.

This systematic review aimed to identify multivariable prediction models for medical usage rates at mass gatherings, to summarize evidence for individual biomedical, psychosocial and environmental predictors at mass gatherings, and to summarise the predictive performance of these models.

Material and methods {#sec007}
====================

Protocol and registration {#sec008}
-------------------------

We carried out a systematic literature review according to a predefined protocol, which was not registered beforehand \[[@pone.0234977.ref007]\]. We planned and reported the systematic review in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA checklist, [S1 File](#pone.0234977.s010){ref-type="supplementary-material"}) \[[@pone.0234977.ref008]\].

Eligibility criteria {#sec009}
--------------------

Studies were eligible for inclusion if they answered the following PICO (Population, Intervention, Comparison, Outcome) question: "Which predictive models (I) are available for emergency services planning (O) during mass gathering manifestations (P)?" Full texts of potentially relevant articles were reviewed according to the following inclusion and exclusion criteria:

-   Population: studies performed on all types of mass gatherings were included, such as sport (spectator) manifestations, (indoor/outdoor) music concerts and/or festivals. A mass gathering has been defined by the World Health Organization (WHO) as an occasion, either organized or spontaneous, where the number of people attending is sufficient to strain the planning and response resources of the community, city, or nation hosting the manifestation \[[@pone.0234977.ref001]\].

-   Intervention/Predictors: we included studies that described a multivariable statistical model and extracted data of the predictors. Multivariable models represent a more realistic picture, rather than looking at a single variable (univariate associations) and they provide a powerful test of significance compared to univariate techniques. We included studies that had the intention to evaluate more than one predictor variable in a multivariable model, regardless of how many predictor variables remained in the final model. Evacuation models, opinion-based or theory-based models, and statistical models based on univariate (correlation) analysis were excluded.

-   Outcome: we included medical usage rates such as Patient Presentation Rate (PPR), the Transport To Hospital Rate (TTHR) or the incidence of new injuries.

-   Study design: prediction model development studies without external validation, prediction model development studies with external application in few independent mass gatherings or validation on an extensive list of independent mass gatherings (i.e. big data analysis), external model validation studies or studies that applied observations from few mass gatherings to another prediction model, were included according to the Checklist for critical Appraisal and data extraction for systematic Reviews of prediction Modelling Studies (CHARMS) \[[@pone.0234977.ref009]\].

-   Language: no language restrictions were applied.

Data sources and searches {#sec010}
-------------------------

Eligible studies were identified by searching the following databases: MEDLINE (via the PubMed interface), Embase (via Embase.com), the Cochrane Library, CINAHL, Web of Science and Scopus from the time of inception of the database until 14 May 2019. We developed search strategies for each database using index terms and free text terms ([S2 File](#pone.0234977.s011){ref-type="supplementary-material"}). Search yields were exported to a citation program (EndNote X7.5) and duplicates were discarded.

Study selection {#sec011}
---------------

Two reviewers (HVR and HS) independently screened the titles and abstracts of all references yielded by the search. Subsequently, the full text of each article that potentially met the eligibility criteria was obtained, and after a full-text assessment, studies that did not meet the selection criteria were excluded. Any discrepancies between reviewers were resolved by consensus or by consulting a third reviewer (EDB). For each included study, the reference lists and first 20 related citations in PubMed were screened for additional relevant records.

Data extraction {#sec012}
---------------

Data concerning study design (type of prediction modelling study), study aims and hypothesis, population characteristics (participation eligibility and recruitment method; participation description; details of mass gathering manifestations; study dates), candidate predictors (dichotomous/categorical/continuous variables), outcome measures (medical usage rates), effect sizes, statistical model, and study quality were extracted independently by the two reviewers.

Risk of bias assessment {#sec013}
-----------------------

The PROBAST (Prediction model Risk Of Bias ASsessment Tool) checklist items were used to assess the risk of bias and concerns for applicability for each study \[[@pone.0234977.ref010]\]. These items include 20 signalling questions across 4 domains: participants, predictors, outcome and analysis. Signalling questions were answered as 'yes', 'probably yes', 'no', 'probably no' or 'no information' and risk of bias was assessed for each domain. A domain where all signalling questions were answered as (probably) yes was judged as 'low risk of bias'. An answer of (probably) no on 1 or more questions indicated the potential for bias, whereas no information indicated insufficient information. The risk of bias assessment was performed by the two reviewers independently.

Data synthesis {#sec014}
--------------

### Individual predictors for medical usage rates {#sec015}

The predictors (both the statistically significant (p\<0.05) and statistically non-significant ones) from multivariable statistical models were pooled into different categories for each type of mass gathering manifestation (music concert, spectator sport manifestation, sport manifestation, mixed manifestation (sport, music, public exhibition)) corresponding to the three main domains for mass gathering health according to Arbon's conceptual model: biomedical domain, psychosocial domain, environmental domain \[[@pone.0234977.ref006]\]. The direction of the association between the candidate predictors and the outcome variables was expressed as positive (e.g. night manifestations are associated with higher patient presentation rates compared to day manifestations) or negative (e.g. free water availability is associated with lower patient presentation rates).

### Predictive performance of the models {#sec016}

Predictive accuracy measures of the models, such as the R^2^ or the mean/median error, were extracted and summarized. The R^2^ is the square of the correlation and measures the proportion of variation in the dependent variable (i.e. medical usage rates) that can be attributed to the independent variable (i.e. predictor variables). The R^2^ indicates how well the regression model fits the observed data, ranging from 0% (no fit) to 100% (perfect fit). The predictive performance is considered as very weak (R^2^ of 0--4%), weak (R^2^ of 4 to 16%), moderate (R^2^ of 16 to 36%), strong (R^2^ of 36 to 64%) or very strong (R^2^ of 64% to 100%) \[[@pone.0234977.ref011]\].

Information on type of mass gathering, outcomes measured and the model that was validated with the data collected (i.e. the reference model), was summarized. Results were reported as a % underestimation or % overestimation (compared to the reference model).

Grading of the evidence {#sec017}
-----------------------

The GRADE approach (Grading of Recommendations, Assessment, Development and Evaluation) was used to assess the certainty of the evidence (also known as quality of evidence or confidence in effect estimates) \[[@pone.0234977.ref012]\]. Since no meta-analyses were possible, we used the GRADE guidelines for rating the certainty in evidence in the absence of a single estimate of effect \[[@pone.0234977.ref013]\]. The certainty of the evidence was graded as 'high' (further research is very unlikely to change our confidence in the effect estimate), 'moderate' (further research is likely to have an important impact on our confidence in the effect estimate), 'low' (further research is very likely to have an important impact on our confidence in the effect estimate and is likely to change the estimate) or 'very low' (any estimate of effect is very uncertain). The initial certainty level of the included prediction modelling studies was set at 'high' because the association between the predictors and outcomes was considered irrespective of any causal connection. Eight criteria were considered to further downgrade or upgrade the certainty of the evidence: five criteria who might potentially downgrade the overall certainty of the evidence (i.e. methodological limitations of the study, indirectness, imprecision, inconsistency and likelihood of publication bias) and three criteria who might potentially upgrade the overall certainty of the evidence (i.e. large effect, dose-response relation in the effect, and opposing plausible residual bias or confounding). Methodological limitations of the studies were assessed by considering the overall risk of bias judgement across studies based on the risk of bias assessment of the 4 PROBAST domains (i.e. participants, predictors, outcome and analysis). Indirectness was assessed by making a global judgement on how dissimilar the research evidence is to the PICO question at hand (in terms of population, interventions and outcomes across studies). The PROBAST tool was used to identify concerns regarding the applicability of each included study (i.e. when the populations, predictors or outcomes of the study differ from those specified in the review question) and an overall judgement across studies was made. Imprecision was assessed by considering the optimal information size (or the total number of events for binary outcomes and the number of participants in continuous outcomes) across all studies. A threshold of 400 or less is concerning for imprecision \[[@pone.0234977.ref014]\]. Results may also be imprecise when the 95% confidence intervals of all studies or of the largest studies include no effect and clinically meaningful benefits or harms. A global judgement on inconsistency was done by evaluating the consistency of the direction and primarily the difference in the magnitude of association between the predictor variables and the outcomes across studies (since statistical measures of heterogeneity were not available). Widely differing estimates of the effects indicated inconsistency. Publication bias was suspected when the body of evidence consisted of only small positive studies or when studies were reported in trial registries but not published.

A large magnitude of effect (i.e. large association between the predictor variable and outcome) was considered in case the relative risk or odds ratio is 2--5 or 0.5--0.2 with no plausible confounders in the majority of studies. Since this review was not focused on drugs or pharmaceutical agents, assessing a dose-response gradient was not applicable here. Finally, we only included studies that described a multivariable statistical model. Therefore, making a judgement whether all plausible confounders and biases from the prediction modelling studies unaccounted for in the adjusted/multivariate analyses (i.e. all residual confounders) and may lead to an underestimated association is not applicable here.

The two reviewers independently rated the certainty of the evidence for each outcome. Any discrepancies between reviewers were resolved by consensus or by consulting a third reviewer (EDB).

Results {#sec018}
=======

Study selection {#sec019}
---------------

The systematic literature search resulted in a total of 7,036 citations (after removing duplicates), which were screened by two reviewers independently. [Fig 1](#pone.0234977.g001){ref-type="fig"} represents the study selection flowchart. We included 16 studies that developed (n = 13) or externally applied (n = 3) a multivariable statistical model to predict medical usage rates in mass gathering manifestations. No studies were identified that externally validated prediction models against a big data set of mass gatherings.

![Study identification and selection process of the systematic review.](pone.0234977.g001){#pone.0234977.g001}

Study characteristics {#sec020}
---------------------

A total amount of \>1,700 mass gathering manifestations (median\[range\]: 2.5\[1--405\] mass gatherings per study) attended by \>48 million people were included to develop and/or validate these models. A mix of different types of mass gathering manifestations were included such as sports (spectator) manifestations (e.g. soccer games, auto races, (half-)marathon, n = 12 (75%)), music concerts (indoor/outdoor, n = 8 (50%)), fete/carnivals (n = 4, 25%), public exhibitions and ceremonial manifestations (n = 3, 19%). The majority of the studies (n = 12, 75%) were conducted in the USA (n = 8) and Australia (n = 4). The other studies were performed in Japan (n = 1), Singapore (n = 1), South Africa (n = 1) and The Netherlands (n = 1). Data were collected in 2 studies between 1980--1995, in 7 studies between 1995--2005, and in 7 studies between 2005--2015. Patient influx at first aid posts, expressed as total number or rate (per 1,000 or 10,000 attendees), was the outcome of interest in most of the studies (n = 14). Other outcomes included in the prediction model were the number of transfers to hospital (per 1,000 or 10,000 attendees) (n = 7) or the incidence of new (non-)medical injuries/complications (n = 3). All studies (except one) investigated whether at least one of the following environmental candidate predictors were associated with medical usage (rates): 1) weather conditions (n = 12: average/maximal daily temperature; humidity; heat index; dew point; % sunshine; wind speed; precipitation; barometric pressure), 2) crowd size (n = 12), 3) type of the manifestation (n = 12), 4) time of the manifestation (n = 7: night vs day; duration; year of the manifestation; season; day of the week), 5) venue accommodation (n = 7: mobile vs seated; indoor vs outdoor; bounded vs unbounded; focussed vs extended; maximum venue capacity; access to venue), 6) presence of alcohol (n = 4) or 7) free water availability (n = 1). Five studies included biomedical candidate predictors into their (univariate) model: 1) demographics (n = 5: age; gender; BMI), 2) level of competition (n = 3: running experience; running pace category; competitive vs non-competitive), 3) training characteristics (amount of training; type of training) and 4) injury status (n = 1: injuries incurred in the 12 months prior to the manifestation). None of the studies included psychosocial candidate predictors (e.g. crowd behaviour, reason for attendance, length of stay) in the model. Four studies used general linear regression analysis to develop a multivariable prediction model. Other types of generalized linear regression analysis included Poisson regression analysis (n = 4), logistic regression analysis (n = 3), and negative binomial regression analysis (n = 2). One study applied non-linear regression analysis (Classification And Regression Trees (CART)). Details on the characteristics of the included studies can be found in [Table 1](#pone.0234977.t001){ref-type="table"}.

10.1371/journal.pone.0234977.t001

###### Characteristics of included studies.

![](pone.0234977.t001){#pone.0234977.t001g}

  Author, year, Country                                                                                                                                                                                                                Population---mass gathering manifestations                                                                                                                                                                                                                                                                              Outcome                                                                                                                                                                                                                                                 Candidate predictors                                                                                                                                                                                                                                   Type of regression analysis
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ -----------------------------
  **Prediction model development studies without external validation**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
  Arbon, 2001, Australia \[[@pone.0234977.ref015]\]                                                                                                                                                                                    Number of manifestations: 201 (mix of manifestations: bounded vs unbounded; focused vs extended)                                                                                                                                                                                                                        PPR (per 1,000 attendees)                                                                                                                                                                                                                               Environmental (n = 7): crowd size; venue accommodation (mobile vs seated, bounded vs unbounded, indoor vs outdoor); weather conditions (humidity; temperature); time of the manifestation (night vs day); type of the manifestation                    Linear
  Total sample size: 12,046,436 spectators---11,956 patients                                                                                                                                                                           TTHR (per 1,000 attendees)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
  Grange, 1999, USA \[[@pone.0234977.ref016]\]                                                                                                                                                                                         Number of manifestations: 405 concerts (Outdoor concerts: Blockbuster Pavilion (1993--1995) in Devore Hollywood Bowl (1991--1995) in Hollywood, Los Angeles Coliseum (1991, 1992) in Los Angeles. Indoor concerts: Los Angeles Sports Arena (1991--1994) in Los Angeles, Long Beach Arena (1991, 1993) in Long Beach)   PPR (per 10,000)                                                                                                                                                                                                                                        Environmental (n = 3): crowd size; weather conditions (temperature); type of the manifestation                                                                                                                                                         Poisson
  Total sample size: 4.638.099 total attendees-- 1,492 total patients (mean PPR = 2.1/10,000)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  Locoh-Donou, 2016, USA \[[@pone.0234977.ref017]\]                                                                                                                                                                                    Number of manifestations: 79 mass gatherings (29 athletic manifestations; 11 football games; 23 concerts; 16 public exhibitions)                                                                                                                                                                                        PPR (per 10,000)                                                                                                                                                                                                                                        Environmental (n = 9): crowd size; venue accommodation (% occupied seating, bounded vs unbounded; indoor vs outdoor); weather conditions (heat index; air conditioning); free water availability; type of the manifestation; alcohol presence          Poisson
  Total sample size: 839,599 spectators---670 patient presentations (PPR = 7.98/10,000)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
  Milsten, 2003, USA \[[@pone.0234977.ref018]\]                                                                                                                                                                                        Number of manifestations: 215 mass gatherings (27 NLF football games; 168 MLB baseball games; 20 rock concerts)                                                                                                                                                                                                         PPR (per 10,000)                                                                                                                                                                                                                                        Environmental (n = 4): weather conditions (humidity; temperature; heat index); type of the manifestation                                                                                                                                               Poisson
  Total sample size: 9,633,462 spectators---5,899 patient encounters (mean PPR 6.1/10,000)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  Morimura, 2004, Japan \[[@pone.0234977.ref019]\]                                                                                                                                                                                     Number of manifestations: FIFA World Cup Soccer Japan 2002 (32 soccer games)                                                                                                                                                                                                                                            PP (total)                                                                                                                                                                                                                                              Environmental (n = 6): crowd size; venue accommodation (maximum venue capacity, access to venue); weather conditions (humidity, temperature, wind velocity)                                                                                            Linear
  PPR (per 1,000)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
  Total sample size: 1,439,052 spectators---1,661 patient presentations (mean PPR 1.21/1,000; mean TTHR 0.05/1,000)                                                                                                                    TTH (total)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
  TTHR (per 1,000 attendees)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  
  Schwabe, 2014, South Africa \[[@pone.0234977.ref020]\]                                                                                                                                                                               Number of manifestations: 4 editions of the Two Oceans half-marathon race in Cape Town (South Africa) (2008--2011)                                                                                                                                                                                                      New medical complications (general medical complications; postural hypotension; musculoskeletal complications; gastrointestinal complications)                                                                                                          Biomedical (n = 4): level of competition (running experience; running pace category); demographics (age, gender)                                                                                                                                       Poisson
  Total sample size: 39,511 starters (21,028 men and 18,483 women); incidence medical complications = 5.14/1,000 runners (95%CI: 4.48--5.90)                                                                                           Environmental (n = 1): time of the manifestation (year of race)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
  Selig, 2013, USA \[[@pone.0234977.ref021]\]                                                                                                                                                                                          Number of manifestations: race events during 6 weekends at Kansas Speedway                                                                                                                                                                                                                                              PPR (per 10,000)                                                                                                                                                                                                                                        Environmental (n = 6): weather conditions (humidity, temperature, barometric pressure, dew point; precipitation); type of the manifestation                                                                                                            Negative binomial
  Total sample size: not reported---1,305 patient encounters (mean PPR 13/10,000; mean TTHR 0.24/10,000)                                                                                                                               TTHR (per 10,000)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
  Tan, 2014, Singapore \[[@pone.0234977.ref022]\]                                                                                                                                                                                      Number of manifestations: 3 editions of the Army Half-Marathon (Singapore)                                                                                                                                                                                                                                              PPR (per 10,000)                                                                                                                                                                                                                                        Biomedical (n = 3): level of competition (competitive vs non-competitive); demographics (age, gender);                                                                                                                                                 Logistic
  Total sample size: 99,163 participants---221 casualties (MUR from 16 to 26 (casualties/10,000))                                                                                                                                      Environmental (n = 1): type of the manifestation                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
  van Poppel, 2016, The Netherlands \[[@pone.0234977.ref023]\]                                                                                                                                                                         Number of manifestations: 1 edition of the half-marathon or marathon (Lage Landen marathon, Eindhoven 2012, The Netherlands)                                                                                                                                                                                            New running injuries                                                                                                                                                                                                                                    Biomedical (n = 8): training characteristics (amount and frequency of training, type of running terrain, type of training); injury status; demographics (age, gender, BMI)                                                                             Logistic
  Total sample size: 614 runners (43.7±11.2y, 67.1% male, BMI 23.1±2.5) returned the baseline and follow-up questionnaire: 464 ran the half-marathon and 150 the marathon; 142 (23.1%) runners reported a total of 209 new injuries.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
  Westrol, 2017, USA \[[@pone.0234977.ref024]\]                                                                                                                                                                                        Number of manifestations: 403 outdoor music concerts or festivals in 11 genres: country, hard rock/heavy metal, pop, electronic dance music, hip-hop/rap, alternative rock, modern rock, classic rock, adult contemporary, classical/ symphony, variety/ other                                                          PPR (per 1,000)                                                                                                                                                                                                                                         Biomedical (n = 1): type of injury (intoxication vs medical vs trauma)                                                                                                                                                                                 Linear
  Total sample size: 2,399,864 attendees---4,546 patients (PPR = 18.9/10,000; 1,697 transports to hospital; TTHR = 7.1/10,000)                                                                                                         TTHR (per 1,000)                                                                                                                                                                                                                                                                                                        Environmental (n = 4): crowd size; weather conditions (heat index, precipitation); type of the manifestation                                                                                                                                                                                                                                                                                                                                                                                                   
  Woodall, 2010, Australia \[[@pone.0234977.ref025]\]                                                                                                                                                                                  156 manifestations (sporting manifestations, fetes/carnivals, spectator sports, concerts/raves, ceremonial manifestations), 755 patient presentations. Total number of participants is not given.                                                                                                                       Injury status                                                                                                                                                                                                                                           Biomedical (n = 2): demographics (age, gender)                                                                                                                                                                                                         Logistic
  Environmental (n = 5): crowd size; time of the manifestation (season, even duration); type of the manifestation; alcohol presence                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
  **Prediction model development studies with internal validation**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
  Arbon, 2018, Australia \[[@pone.0234977.ref026]\]                                                                                                                                                                                    Number of manifestations: 201 (see Arbon 2001), no information reported on the 15 included manifestations from 2015--2016.                                                                                                                                                                                              PP (total)                                                                                                                                                                                                                                              Environmental (n = 10): crowd size; venue accommodation (mobile vs seated; bounded vs unbounded; indoor vs outdoor vs both; focused vs extended);                                                                                                      Non-linear
  Total sample size: see Arbon 2001, no information reported on the 15 included manifestations from 2015--2016                                                                                                                         TTH (total)                                                                                                                                                                                                                                                                                                             weather conditions (humidity; temperature); time of the manifestation (night vs day vs both); type of the manifestation; alcohol presence                                                                                                                                                                                                                                                                                                                                                                      
  Bowdish, 1992, USA \[[@pone.0234977.ref027]\]                                                                                                                                                                                        Number of manifestations: 7 editions of the Indianapolis 500 Mile Race events (1983--1989)                                                                                                                                                                                                                              PP (total)                                                                                                                                                                                                                                              Environmental (n = 6): crowd size; weather conditions (humidity, temperature, dew point, % sunshine, wind speed)                                                                                                                                       Linear
  Total sample size: not reported---105 patients                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
  **Studies that applied observations from few mass gatherings to an existing prediction model**                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
  Fitzgibbon, 2017, USA \[[@pone.0234977.ref028]\]                                                                                                                                                                                     Number of manifestations: 3 electronic dance music festivals (Moonrise Festival, Mad Decent Block Party, SweetLife Festival)                                                                                                                                                                                            PP (total)                                                                                                                                                                                                                                              Environmental (n = 8): crowd size; venue accommodation (mobile vs seated, bounded vs unbounded, indoor vs outdoor); weather conditions (humidity; temperature); time of the manifestation (night vs day); type of the manifestation                    N/A
  Total sample size: 54,500 visitors---960 patient contacts---56 patient transports                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
  Nable, 2014, USA \[[@pone.0234977.ref029]\]                                                                                                                                                                                          Number of manifestations: 2 editions of the Baltimore Grand Prix (2011--2012)                                                                                                                                                                                                                                           PP (total)                                                                                                                                                                                                                                              Biomedical (n = 1): demographics (age)                                                                                                                                                                                                                 N/A
  Total sample size: 261,000 spectators---216 patient encounters                                                                                                                                                                       TTH (total)                                                                                                                                                                                                                                                                                                             Environmental (n = 9): crowd size; venue accommodation (mobile vs seated, bounded vs unbounded, indoor vs outdoor); weather conditions (humidity; temperature); time of the manifestation (night vs day); type of the manifestation; alcohol presence                                                                                                                                                                                                                                                          
  Zeitz, 2005, Australia \[[@pone.0234977.ref030]\]                                                                                                                                                                                    Number of manifestations: Royal Adelaide Show                                                                                                                                                                                                                                                                           PPR (per 1,000)                                                                                                                                                                                                                                         Environmental (n = 9): crowd size; venue accommodation (mobile vs seated, bounded vs unbounded, indoor vs outdoor); weather conditions (humidity; temperature); time of the manifestation (night vs day, day of the week); type of the manifestation   N/A
  Total sample size: 622,234 visitors---1,028 casualties                                                                                                                                                                               TTHR (per 1,000)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

BMI: Body Mass Index; PP: Patient Presentation; PPR: Patient Presentation Rate; TTH: Transfers To Hospital; TTHR: Transfer To Hospital Rate; N/A: Not applicable.

Risk of bias assessment {#sec021}
-----------------------

Individual judgements about each PROBAST risk of bias item (i.e. 20 signalling questions according to 4 domains) can be found in [S1](#pone.0234977.s001){ref-type="supplementary-material"} and [S2](#pone.0234977.s002){ref-type="supplementary-material"} Figs. PROBAST domains that were most prone to bias were the methods of analysis used (high risk of bias in 13 studies (81%)) and the participant recruitment (high risk of bias in 10 studies (62%)).

Factors that predict patient presentation (rate) {#sec022}
------------------------------------------------

Ten multivariable regression models to predict patient presentation (rate) were developed. The following predictor variables were included in these models: weather conditions (in 8 models), crowd size (in 4 models), type of the manifestation (in 8 models), venue accommodation (in 4 models), time of the manifestation (in 3 models), free water availability (in 1 model), demographic information (in 1 model), level of competition (in 2 models). Six studies reported the full equation of the multivariable model to predict PPR \[[@pone.0234977.ref015], [@pone.0234977.ref019], [@pone.0234977.ref022], [@pone.0234977.ref024], [@pone.0234977.ref026], [@pone.0234977.ref027]\].

[Fig 2](#pone.0234977.g002){ref-type="fig"} summarizes the environmental and biomedical predictors for patient presentation rate derived from multivariable regression models.

![Biomedical and environmental variables from multivariable regression analyses predicting the Patient Presentation Rate (PPR).\
The thickness of the box represents the number of multivariable models including the following predictors: level of competition (n = 2); demographics (n = 1, age, gender); crowd size (n = 4); accommodation (n = 4, mobile vs seated, bounded vs unbounded, outdoor vs indoor, type of venue access, maximum venue capacity); weather conditions (n = 8, humidity, temperature, dew point, presence of air conditioning, % sunshine, wind speed, precipitation); free water availability (n = 1); time of the event (n = 3; day vs night, day of the week); type of the event (n = 8, music events, sport events).](pone.0234977.g002){#pone.0234977.g002}

Weather conditions were found to be a significant factor to predict patient presentation (rate): humidity \[[@pone.0234977.ref015], [@pone.0234977.ref026]\], temperature \[[@pone.0234977.ref021]\], heat index (i.e. a combination of air temperature and relative humidity) \[[@pone.0234977.ref018], [@pone.0234977.ref024]\] and dew point \[[@pone.0234977.ref027]\] were positively associated with the number or rate of patient presentation at first aid posts. In one of our included studies, temperature (i.e. \<23.5°C vs ≥23.5°C and \<25.5°C vs ≥25.5°C) was included in a non-linear regression tree model with a lower total number of patient presentations in case of higher temperatures \[[@pone.0234977.ref026]\]. One study conducted in the USA found that the presence of air conditioning in a mixture of indoor mass gatherings (sport spectator manifestations, concerts, public exhibitions) was linked to a lower patient presentation rate \[[@pone.0234977.ref017]\]. In five studies, the following climatological parameters were not statistical significantly associated with patient presentation (rate): humidity, %sunshine and wind speed in 1 study \[[@pone.0234977.ref027]\], temperature in 2 studies \[[@pone.0234977.ref016], [@pone.0234977.ref027]\] and precipitation in 3 studies \[[@pone.0234977.ref018], [@pone.0234977.ref021], [@pone.0234977.ref024]\].

The type of the mass gathering manifestations was a significant predictor in 7 multivariable regression models. An Australian study of 201 mixed manifestations found that non-sporting manifestations resulted in a higher PPR. Three studies focused on sports (spectator) manifestations and demonstrated that football games, but also specific outdoor music manifestations (i.e. rock concerts) resulted in higher PPR compared to baseball games. One USA study investigating 6 automobile race weekends (NASCAR, Kansas Speedway, USA) found a higher PPR during race days versus practice days. In one study that predicted PPR for a mixture of 79 mass gatherings, the type of manifestation (athletic manifestations versus football; concerts versus football; public exhibitions versus football) was not a significant predictor \[[@pone.0234977.ref017]\].

Three studies, conducted on data from a mixture of mass gathering manifestations, found crowd size to be positively associated with the total number of patient presentations \[[@pone.0234977.ref015], [@pone.0234977.ref026], [@pone.0234977.ref031]\] whereas attendance was not associated with PPR in one study \[[@pone.0234977.ref016]\].

Manifestations at which the audience was predominantly seated (i.e. typically large stadium concerts) demonstrated a significantly lower presentation rate compared to manifestations where spectators tended to be more mobile \[[@pone.0234977.ref015]\]. Outdoor manifestations have statistically significant more medical presentations compared to indoor manifestations \[[@pone.0234977.ref015], [@pone.0234977.ref017]\]. A study with a multivariable prediction model development, analysing all 32 soccer games that were played in Japan at the FIFA World Cup 2002, concluded that higher venue capacity and easier venue access were linked to a lower PPR. Conflicting evidence was found for bounded (i.e. a manifestation contained within a boundary, often fenced) versus unbounded manifestations: one Australian model (based on data of 201 mixed manifestations) showed that bounded manifestations had a higher PPR \[[@pone.0234977.ref015]\] whereas one USA model (based on data of 79 mixed manifestations) showed that the unbounded manifestations resulted in a higher PPR \[[@pone.0234977.ref017]\]. One multivariate model to predict PPR at 405 music concerts in the USA showed that indoor versus outdoor manifestations was not a statistically significant predictor \[[@pone.0234977.ref016]\].

Two Australian studies found that manifestations organised during both day and night resulted in a higher PPR compared to manifestations organized during the day or night \[[@pone.0234977.ref015], [@pone.0234977.ref026]\]. One model to predict PPR at 403 music concerts found that day of the week was not a statistical significant predictor \[[@pone.0234977.ref024]\].

Free water availability (i.e. provided without cost to the patron) resulted in a lower PPR. In this USA model, it was shown that the absence of free water led to a two-fold increase in the PPR, even after controlling for other predictors such as weather conditions, percentage seating and alcohol availability \[[@pone.0234977.ref017]\].

One study found that competitiveness was positively associated with PPR during half-marathon running events, whereas the level of competition, expressed as the combination of the number of caution periods, number of lead changes, and the interval between the winner and second place, was not associated with PPR during auto race events.

Detailed information about the effect sizes of these multivariable predictors can be found in [S1 Table](#pone.0234977.s007){ref-type="supplementary-material"}.

Factors that predict transfer to hospital (rate) {#sec023}
------------------------------------------------

Four multivariable regression models to predict transfer to hospital (rate) were developed. The following predictor variables were included in these models: weather conditions (in 4 models), crowd size (in 1 model), venue accommodation (in 2 models), time of the manifestation (in 1 model), type of the manifestation (in 4 models), number of patient presentations (in 1 model), and type of the injury (in 1 model). Two studies reported the full equation of the multivariable model to predict TTHR \[[@pone.0234977.ref015], [@pone.0234977.ref026]\].

The biomedical and environmental multivariable factors predicting the transfer to hospital rate are depicted in [Fig 3](#pone.0234977.g003){ref-type="fig"}.

![Biomedical and environmental variables from multivariable regression analyses predicting The Transfer to Hospital Rate (TTHR).\
The thickness of the box represents the number of multivariable models including the following predictors: type of injury (n = 1, intoxication vs medical vs trauma); number of patients (n = 1); accommodation (n = 2, mobile vs seated, bounded vs unbounded); weather conditions (n = 4, humidity, temperature, precipitation); time of the event (n = 1, day vs night); type of the event (n = 4, music genres, sport events); crowd size (n = 1).](pone.0234977.g003){#pone.0234977.g003}

Humidity, temperature or the heat index (≥32.2°C) were positively associated to the TTHR \[[@pone.0234977.ref015], [@pone.0234977.ref024], [@pone.0234977.ref026]\]. In one multivariable regression model developed with data from auto race events, mean temperature, precipitation and type of the manifestation (practice day vs race day) were not predictive for TTHR \[[@pone.0234977.ref021]\]. Music genres with a significant positive association with transport rates were alternative rock and country, whereas no association was found for other music genres, music festivals versus no music festivals \[[@pone.0234977.ref024]\]. Manifestation type was an important predictor in the non-linear regression tree model of Arbon et al. since this predictor determined 2 decision nodes \[[@pone.0234977.ref026]\].

Venue accommodation was a significant predictor for transportation rates in 2 studies: more transports were predicted in case the audience was seated or bounded (compared to mobile or unbounded) \[[@pone.0234977.ref015]\]. A seated vs mobile audience was also included in the recent Arbon regression tree model \[[@pone.0234977.ref026]\]. Crowd size and number of patients evaluated were positively associated with TTHR \[[@pone.0234977.ref015], [@pone.0234977.ref026]\]. Similar to the prediction of PPR, manifestations organized during both day and night (compared to day or night only) were predictive for TTHR \[[@pone.0234977.ref026]\]. Transport rates were highest with alcohol/drug intoxicated patients (p\<0.001) and lowest with traumatic injuries (p = 0.004). Detailed information about the effect sizes of these predictors derived from multivariable models can be found in [S2 Table](#pone.0234977.s008){ref-type="supplementary-material"}.

Factors that predict the incidence of new sport injuries {#sec024}
--------------------------------------------------------

Three multivariable regression models to predict the incidence of new sport injuries were developed: 2 models with data of running manifestations \[[@pone.0234977.ref020], [@pone.0234977.ref023]\] and 1 model with data of a mixture of sporting manifestations, fetes/carnivals, spectator sport manifestations, concerts/raves, and ceremonial manifestations \[[@pone.0234977.ref025]\]. None of the included studies reported the full equation of the multivariable model to predict the incidence of new sport injuries. The following predictor variables were included in these models: demographic information (in 3 models), type of the manifestation (in 1 model), time of the manifestation (in 2 models), level of competition (in 2 models) and training characteristics (in 1 model). [Fig 4](#pone.0234977.g004){ref-type="fig"} shows the environmental and biomedical predictors for the incidence of new sport injuries derived from multivariable regression models.

![Biomedical and environmental variables from multivariable regression analyses predicting new injuries.\
The thickness of the box represents the number of multivariable models including the following predictors: training characteristics (n = 1, type of training, training frequency, type of terrain); level of competition (n = 2, running pace, running experience); demographics (n = 3, age, gender, BMI); time of the event (n = 2, season); type of the event (n = 1, sport events, carnival/fetes, music concerts).](pone.0234977.g004){#pone.0234977.g004}

The following environmental factors remained statistically significant in a multivariable model to predict new injuries: sporting manifestations and colder environmental conditions (expressed by the year of the manifestation or by season (i.e. winter versus spring)) resulted in a higher incidence of new injuries. Other types of manifestations (i.e. carnival, fete or rave concerts) or other seasons (i.e. summer vs spring; autumn versus spring) were not associated with new injuries \[[@pone.0234977.ref025]\].

Significant biomedical factors to predict new injuries included demographics (age and gender), level of competition and training characteristics. Older female runners during the 2 Oceans half-marathon in Cape Town (South Africa) had more incidence of medical complications (i.e. general or postural hypotension) compared to male runners and to younger female runners \[[@pone.0234977.ref020]\]. However, in a model with data from a mixture of sporting and non-sporting manifestations, the incidence of injuries was significantly higher in men \[[@pone.0234977.ref025]\]. During a (half-)marathon running race, a lower level of competition (expressed by a slower running pace (\>7 minutes per km) or \<5 years of running experience) and the frequency of interval training (i.e. sometimes versus always) were predictive for the incidence of new injuries. Two models to predict injuries during half marathon races found that specific information regarding demographics (gender, BMI), level of competition (running experience, running pace category) or training characteristics (training frequency, type of terrain) did not contribute to the prediction of injury incidence. Detailed information about the effect sizes of these multivariable predictors can be found in [S3 Table](#pone.0234977.s009){ref-type="supplementary-material"}.

Predictive performance of the models {#sec025}
------------------------------------

Four studies reported the R^2^ of their model to predict PPR or TTHR. The predictive performance of the PPR models ranged from very low (R^2^ of 0.04 \[[@pone.0234977.ref016]\]) to (very) strong (R^2^ values of 0.64 \[[@pone.0234977.ref015]\] and 0.66 \[[@pone.0234977.ref019]\]). The predictive accuracy of the linear TTHR model by Arbon et al was moderate (R^2^ = 0.34) \[[@pone.0234977.ref026]\]. The non-linear models of Arbon et al. accurately predicted PP and TTH, as indicated by the low median error of 16 presentations per event and 1 transportation per event, respectively.

Three studies externally applied prediction models for mass gatherings by comparing the actual number of patient presentations or transports at 3 outdoor electronic dance music manifestations in the USA \[[@pone.0234977.ref028]\], a US spectator sport manifestations (i.e. automobile race, Baltimore Grand Prix) \[[@pone.0234977.ref029]\] and a city festival (i.e. Royal Air Show, Adelaide, Australia) \[[@pone.0234977.ref030]\] with the predicted number by the model developed by Arbon et al. \[[@pone.0234977.ref015]\], by Hartman et al. \[[@pone.0234977.ref032]\] and/or the retrospective (historical) analysis undertaken by Zeitz et al. \[[@pone.0234977.ref033]\]. The following predictor variables were included: weather conditions (in 3 models), crowd size (in 3 models), type of the manifestation (in 3 models), time of the manifestation (in 3 models), venue accommodation (in 3 models), presence of alcohol (in 1 model), demographic information (in 1 model).

The actual number of patient presentations and transfers to hospital in two US studies at urban auto-racing events and outdoor electronic dance music manifestations were underestimated by the Arbon/Hartman model (67--81% underestimation). The Arbon model and the Zeitz review overpredicted the actual number of casualties during the Royal Air Show in Adelaide (Australia) (22% and 10%, respectively). In this study, the actual number of daily ambulance transfers was underpredicted by 43% (Arbon model) and 53% (Zeitz review).

GRADE assessment {#sec026}
----------------

Although all included studies were observational, the initial certainty level was set at 'high' because the association between predictors and outcomes was irrespective of any causal connection. The overall certainty level (for all outcomes: PPR, TTHR, injury status) was downgraded with one level (from 'high' to 'moderate') due to risk of bias since overall risk of bias was considered as 'high' in all studies ([S3](#pone.0234977.s003){ref-type="supplementary-material"} and [S4](#pone.0234977.s004){ref-type="supplementary-material"} Figs). Overall concerns for applicability were present in 12 studies (75%), mainly because of the limited generalizability of the study participants (concerns for applicability in 9 studies (56%)) and the outcomes assessed (concerns for applicability in 5 studies (31%)) ([S5](#pone.0234977.s005){ref-type="supplementary-material"} and [S6](#pone.0234977.s006){ref-type="supplementary-material"} Figs). Therefore, the certainty level was further downgraded with one level due to indirectness (from 'moderate' to 'low'). No reason was present for upgrading or further downgrading the certainty level due to imprecise or inconsistent results or publication bias.

Altogether, the final certainty in the effect estimates for the multivariable models predicting PPR, TTHR or injury status was considered as 'low'. This implies that our confidence in the effect estimates is limited and that further research is very likely to have an important impact on our confidence and is likely to change the estimate.

Discussion {#sec027}
==========

This systematic review included 16 studies that developed and/or externally applied a multivariable regression model to predict medical usage rates at mass gatherings. We identified a set of biomedical (i.e. age, gender, level of competition, training characteristics and type of injury) and environmental predictors (i.e. crowd size, accommodation, weather, free water availability, time of the manifestation and type of the manifestation) for PPR, TTHR and injury status. No evidence for psychosocial predictors was found. The overall certainty in the effect estimates is low due to risk of bias of the studies and limited generalizability (indirectness). Evidence from the studies that applied observations from few mass gatherings to another prediction model indicated that medical usage rates are consistently over/underestimated. Therefore, the development and validation of context-specific prediction models is recommended.

To the best of our knowledge, this is the first review that systematically screened, analyzed and critically appraised studies that developed and/or validated a statistical model to predict medical usage rates at mass gatherings. Until today, numerous descriptive papers and narrative reviews on this topic have been published. For example, Nieto and Ramos found 96 articles, published between 2000 and 2015 in the Scopus database, on the type of manifestations (main type of manifestations: sports (46%), music (25%) or religious/social content (23%)) and topics covered in the mass gathering literature (main topics: health care, PPRs and/or TTHRs, respiratory pathogens, surveillance and the global spread of diseases) \[[@pone.0234977.ref034]\]. Moore et al. concluded that the most important predictive factors to influence medical usage rates at large manifestations were the weather, alcohol and drug use and type of manifestation \[[@pone.0234977.ref035]\]. Baird et al. searched 4 biomedical databases and retained 8 studies suggesting a positive relationship between temperature/humidity and PPR \[[@pone.0234977.ref036]\]. Our review serves as a quantitative basis to predict medical usage rates at mass gatherings by identifying those variables that were included in multivariable prediction models.

The major strength of our systematic review is the use of a rigorous methodology including sensitive search strategies in six databases, comprehensive selection criteria (no restriction to population (types of mass gatherings) or outcomes (medical usage rates)) resulting in scientific evidence, judged and critically appraised by two reviewers independently. We restricted our selection of included studies to multivariable regression models and excluded studies that only used univariate regression analyses. Advantages of multivariable analysis include the ability to represent a more realistic picture than looking at a single variable. Indeed, apparent univariate associations may in reality be explained or confounded by a non-measured predictor variable. The risk of overlooking confounding or real predictor variables decreases by including more potential predictor variables in the model. Further, multivariable techniques can control association between variables by using cross tabulation, partial correlation and multiple regressions, and introduce other variables to determine the links between the independent and dependent variables or to specify the conditions under which the association takes place. This provides a more powerful test of significance compared to univariate techniques \[[@pone.0234977.ref037]\]. Although some scientists have questioned the concept of statistical significance \[[@pone.0234977.ref038], [@pone.0234977.ref039]\], the statistically significant predictors from these multivariable regression models apply as the best available scientific basis for which predictors are associated with increased medical usage rates.

There are three limitations concerning the critical appraisal of the included studies design, the lack of standardized data collection and analysis, and the limited generalizability of the results. Firstly, we critically appraised the included studies by using the PROBAST checklist items \[[@pone.0234977.ref010]\] and the GRADE approach for the case where no single estimate of effect is present \[[@pone.0234977.ref013]\]. Since the GRADE working group has not yet provided specific recommendations on how to rate the certainty of effect estimates of prediction modelling studies, future formal guidance is needed. Secondly, the methodology of data collection (both predictors and medical usage rates) and statistical analysis (i.e. different types of logistic, linear and non-linear regression analysis) varied substantially among the included studies. Hence, we were not able to conduct a meta-analysis. Although there is agreement on some broad concepts underlying mass-gathering health amongst an international group of mass gathering experts \[[@pone.0234977.ref040]\], more future scientific effort is needed to standardize data collection and statistical analysis when developing and/or validating a prediction model. Thirdly, most of the included prediction models were developed or validated in the USA or Australia. Since the interaction between the different biomedical, environmental, psychosocial factors and medical usage rates is complex, no extrapolation of these models to other contexts (e.g. other countries/continents, other type of manifestations, etc) can be performed. For example, climatological differences (temperature, humidity, precipitation, cloudiness, brightness, visibility, wind, and atmospheric pressure), the mixture of type of manifestations included in the prediction models (i.e. sport (spectator) manifestations, indoor/outdoor music concerts, carnivals, public exhibitions, etc.), but also difference in public health systems across countries (leading to different emergency care services delivery policies) hinders extrapolation. This limited generalizability was also confirmed by the 3 studies that applied observations from few mass gatherings to the prediction models of Arbon or Zeitz, showing significant under/overestimation of the medical usage rates when using an existing prediction model \[[@pone.0234977.ref028]--[@pone.0234977.ref030]\]. Future development of prediction models should therefore be validated both internally and externally, preferably against big data sets of various types of mass gatherings.

This systematic review scientifically underpinned Arbon's conceptual model with a list of statistically significant biomedical (i.e. age, gender, level of competition, training characteristics and type of injury) and environmental predictors (i.e. crowd size, accommodation, weather, free water availability, time of the manifestations and type of the manifestations) for PPR, TTHR and injury status. The R^2^ (i.e. a statistical measure that represents the proportion of variance for medical usage rates that is explained by the biomedical/environmental predictors) of the multivariable regression models ranged from 4% to 66%. This implies that a (large) part (34--96%) of the variation in medical usage rates is as yet unexplained and dependent on unidentified factors. An important potential predictor (which is difficult to measure quantitatively) might be the characteristics of the first aid delivery services such as the amount and size of first aid posts (i.e. more posts will result in increased medical usage rates and smaller posts might result in a higher transfer to hospital rate) and the level of mobility of the first aid providers (i.e. more mobile teams will generate higher medical usage rates).

The current list of predictors are of clinical relevance for first aid or emergency services, experts and researchers involved in mass gathering. These predictors should be consistently measured in a standardized way to develop and/or validate future prediction models, in order to allow more cost-effective pre-event planning and resource provision. Another remaining question that needs to be answered in future research is how PPR and TTHR evolve over the time span of the mass gathering, in order to generate the most efficient use of (first aid) material and people (nurses, first aid providers, doctors, etc.). Since planning and preparing public health systems and services for managing a mass gathering is a complex procedure and requires a multidisciplinary approach, interdisciplinary research and international collaboration is of paramount importance to execute this future research agenda successfully \[[@pone.0234977.ref041]\].

Conclusion {#sec028}
==========

This systematic review identified multivariable models that predict medical usage rates at mass gatherings. Different biomedical (i.e. age, gender, level of competition, training characteristics and type of injury) and environmental (i.e. crowd size, accommodation, weather, free water availability, time and type of the manifestation) predictors were associated with medical usage rates. Since the overall quality of the evidence is considered as low and no generic predictive model is available to date, proper development and validation of a context-specific model is recommended. Future international initiatives to standardize the collection and analysis of mass gathering health data are needed to enable the opportunity to conduct meta-analyses, to compare models across societies and modelling of various scenarios to inform health services. This will finally result in more cost-effective pre-hospital care at mass gatherings.
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• Table 1 or S1-3: Would be useful to know which type of model was used for each outcome e.g. linear, Poisson etc.

• Please correct language throughout. A few examples include, page 7, line 14: 'model against which the actual data were validated', page 15 line 8: multivariate predictors,

• Not clear if most models were reported in a way that could be used for prediction e.g reporting the full model equation including the intercept or just predictor effects.

Reviewer \#2: Thank you so much for giving me the opportunity to review this important manuscript.

This work provides information to aid effective planning of mass gatherings, which are on the increase in every society. The authors pointing to the fact that the United Nations, through the World Health Organization, is paying serious attention to mass gatherings, with the recommendation of mass gathering medicine for all the WHO member states. For the relevance of the topic, I score this manuscript high and suggest that it should be accepted for publication, subject to addressing the obvious gaps I highlighted in each of the sections below (introduction, results, discussion and conclusion):

Introduction Section

The justification for the study is weak. The main justification that the authors provide for this study is contained in the two sentences below:

"Since mass gatherings attended by large crowds have become a more frequent feature of society, mass gathering medicine was highlighted as a new discipline at the World Health Assembly of Ministers of Health in Geneva in May 2014. As a consequence, the amount of international initiatives and meetings on mass gathering medicine has increased over the past decade as has the number of experts and the amount of publications on pre-event planning and surveillance for mass gathering".

However, the frequency of mass gathering, the recommendation of mass gathering medicine for the WHO member states by the WHO and the increase in international initiatives and meetings on mass gathering medicine, are not a strong public health/clinical problem to justify a study. It is important to clearly state the specific clinical, public health and economic risks associated with mass gatherings to justify this study. For instance, do mass gatherings increase the risks of diseases and mortality to the participants and the larger society? What are the economic and social problems associated with mass gatherings that may dove tail into major health problems? The authors have mentioned "Patient presentation rate (PPR), Transfer to Hospital Rate (TTHR) and new injuries" as the major health problems but these alone cannot attract the attention of policy makers to invest in interventions to minimize the risks of mass gatherings. In the developing countries, there are far more important public health and developmental problems than PPR, TTHR and new injuries, to attract the attention of government. Therefore the authors must show what the society is suffering on account of mass gathering to strongly justify this study.

The authors also need to show how poor planning of events increase the risks associated with mass gathering. This is so because the findings of the study are intended to promote effective pre-event planning. If policy makers cannot see the risks of poor event planning, why should they care to make policies that would encourage effective planning?

Results Section

The result section has six sections: (1) Study selection, (2) factors that predict patients' presentation (rate) (3) Factors that predict transfer to hospital (rate) (4) factors that predict the incidence of new sport injuries (5) external model validation studies and (6) Graded assessment. My comments on each of the sections are provided below:

\(1\) Study selection,

This section is too detailed and elaborate. Some of the information provided in this section should be taken to the methods section. For instance, the following sentences can go to the methods:

"Fig 1 represents the study selection process used" -- This sentence has nothing to do with results

"A mix of different types of mass events was included such as sports (spectator) events (e.g. soccer games, auto races, (half-) marathon), music concerts (indoor/outdoor), fete/carnivals, public exhibitions and ceremonial events". This sentence has nothing to do with results. It's a method statement.

"Data were collected in 8 studies between 2005-2015, in 7 studies between 1995-2005, and in 2 studies between 1980-1995".

The above sentences are not part of the results and therefore should not be included in the results.

We can summarize the entire section by providing only significant information that tally with the aim of the study. Here is my recommendation below:

"We included 17 cross sectional studies and more than 1,700 mass events (more than 48 million people attending these vents). Majority of the studies (n=13, 76%) were conducted in the USA (n=9, 52.94%) and Australia (n=4, 23.52%); with a few studies from Japan (n=1, 5.88%), Singapore (n=1, 5.88%), South Africa (n=1, 5.88%) and The Netherlands (n=1, 5.88%). Most of the studies \[n= 15, 88.23%) measured influx at first aid posts as an outcome, while nearly half of the studies (n=7, 41.17%) focused on transfer to the hospital, with a few studies (n=3, 17.64%) assessing the incidence of new (non-)medical injuries/complications as the outcome. Almost all the studies investigated whether at least one of the following environmental candidate predictors were associated with medical usage (rates): Thirteen studies (76.47%) assessed weather; 12 (70.58%) studies assessed crowd size; etc"

\(2\) Factors that predict patients' presentation (rate)

Again, there are several sentences in this section that should be moved to the discussion section. Any sentence that clarifies or justifies an observation should go to the discussion, e. g., this sentence:

"In a recent study by Arbon et al., temperature (i.e. \<23.5°C vs ≥23.5°C and \<25.5°C vs ≥25.5°C) was included in a non-linear regression tree model with a lower total number of patient presentations in case of higher temperatures". This sentence is not a result but supporting information. Please note that in the result section, the guidelines requires only the findings to be presented without justifying or supporting them with references. We can do this in the discussion section to illustrate the consistency of our findings with the findings of other researchers.

In order to portray the significance of the factors and their contributions, I suggest that percentages (%) should be used instead of just mentioning the factors and the number of studies that reported them. If the data will allow, the P-values should also be reported in all the predictable factors. Importantly, note that this sections deals with only the predictors and not the studies.

\(3\) Factors that predict transfer to hospital (rate)

The comments made in (2) above applies here also.

\(4\) Factors that predict the incidence of new sport injuries

The comments made in (2) above applies here also.

Discussion

The first paragraph of the discussion is a repetition of information that is well documented in previous sections. Perhaps, starting the discussion with the major findings of this study will be more exciting as an introduction to the discussion than repeating the work that was done.

The findings of the study should also be discussed in line with the findings of other authors, since it was reported in the introduction that there are has been an "increased over the past decade in the number of experts and the amount of publications on pre-event planning and surveillance for mass gathering".

Conclusion

I suggest that the conclusion should be revised to show that the two major aims of conducting the study have been achieved. The implications of the findings should also be stated.

Reviewer \#3: Hans Van Remoortel et al have done a systematic review of prediction models for medical usage rates in mass gatherings. It is a well reported and conducted study and authors have appropriately used the PRISMA checklist. I had a few queries, however, and have the following comments and suggestions to further strengthen the paper:

1\. Multivariate refers to analyses used in longitudinal studies where outcomes are collected over multiple time points. I do not think this is what the authors mean when they use this term in their paper. Prediction models are often multivariable, where multiple predictors are used in the right-hand side of the model, not multivariate. Please could authors clarify and make necessary changes throughout the paper, including the supplementary information.

2\. Authors use the CHARMS checklist to assess the risk of bias of the included risk prediction models, which is designed for the critical appraisal and data extraction for systematic reviews of prediction models and not necessarily/explicitly the risk of bias of prediction models. Please discuss how this tool was used to assess the risk of bias of the included prediction modelling studies. PROBAST: A Tool to Assess the Risk of Bias and Applicability of Prediction Model Studies was published earlier this year; did authors consider assessing the risk of bias of the prediction models using PROBAST?

3\. Page 2, line 25 (abstract): what is meant by '(low certainty evidence)'?

4\. Page 2, line 25 (abstract): last sentence reads more like a conclusion than a result. Can authors clarify this?

5\. Page 2, line 29-30: I don't think this conclusion is supported by what written in the results of the abstract.

6\. The selection of papers is slightly confusing, and the checking of conflicts seems to occur late in the process. Reviewers independently review the publications and only resolved disagreements at the final stage. This is after title and abstract, and full text screening, and I wonder why this process was chosen and what impact this might have had on the results? Did authors consider checking disagreements earlier, after title and abstract screening? How did they ensure eligible papers were not discarded, as results are only checked at the final stage after reviewers may have excluded an eligible paper?

7\. Page 7, line 5: please amend ellipsis in '(sport, music, public exhibitions, ...)'.

8\. Page 8, line 4: rethink/omit use of word 'scrutinise'.

9\. Page 8, line 5: remove 'eventually'.

10\. Page 8, lines 8-10: numbers and percentages to support statement needed.

11\. Page 8, lines 12-13: please out in chronological order for easier readability.

12\. Table 1: a column for regression type used would be useful.

13\. Table 1: could the sample size be more clearly written -- total sample and number of events?

14\. Table 1: could total number of predictors included in the final model also be included?

15\. References in the results are confusing -- could the reference numbers be added to Table 1 so it is easier to link included papers to reference numbers.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).
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Reviewer \#2: No
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\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]
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Reviewer \#1: The authors present a systematic review of prediction models for outcomes such as patient presentations and transfers to hospital at mass gatherings. I have the following comments and suggestions for the authors:

∙ The aim of the review is rather broad and could have been refined a little further. At first I thought it was about evaluating the prediction models, however, the results focus on predictors that were found to be statistically significant in the models, suggesting interest in association rather than the model's ability to predict.

Comment 1

o If interested in predictor associations, why not consider all evidence for predictors rather than limiting to multivariable models?

Answer:

We used evidence from multivariable models because these type of models allow to look at relationships between variables in an overarching way and to quantify the relationship between variables. These models can control association between variables (e.g. by using cross tabulation, partial correlation and multiple regressions) and introduce other variables to determine the links between the independent and dependent variables. The major advantages of using multivariate analysis include an ability to have a more realistic picture, rather than looking at a single variable. Further, multivariate techniques provide a powerful test of significance compared to univariate techniques. We clarified our rationale to use evidence from multivariate models in the methods section of our manuscript (page 6, line 29 & page 7 lines 1-4).

Can the authors at least clarify if they included predictor finding studies if they were multivariable i.e. if they included adjustment factors, even if the models weren't intended to be used for prediction?

Answer:

Most studies included in our review claimed that they were intended to be used for prediction. However, some of these described associations without actually predicting PPR or TTHR (e.g. Grange 1999, Locoh-Donou 2016). Other studies (e.g. van Poppel 2016) aimed to identify risk factors for being a casualty at mass gatherings, rather than to predict PPR. All studies showing multivariable associations between risk factors and PPR were included in our review, regardless of whether the models presented could readily predict PPR or not, because the associations shown provide useful information for pre-event planning and resource provision at mass gatherings by organizations like ours (Red Cross).

Comment 2

o Although univariable models were supposedly excluded in the review, some remain. The model by Kman is a univariable model as it only includes temperature. Crowd size is not a predictor as such. The model has just been rearranged so rather than modelling the rate, what would be the denominator (crowd size) is on the other side of the equation. The model(s) by Grange were univariable too.

Answer:

Indeed, the model by Grange et al. (1999) ended up being univariable. They evaluated four possible predictors (attendance, temperature, indoor/outdoor, music category), but since only music category was significant in a univariable model, no multivariable model was built. So our criterion for including a study was the intention to evaluate more than one predictor variable in a multivariable model, regardless of how many predictor variables remained in the final model. We clarified this in the Methods section (page 7, lines 2-4) of the revised manuscript.

Concerning the study by Kman et al. (2007), we agree with the reviewer that the model is actually univariable. As temperature was the only predictor variable right from the start, this study does not fulfill our inclusion criteria and we removed it from our revised review.

Comment 3

o There seems to be a reliance on p-values without consideration of sample size. If studies were large enough, p-values will be significant for small effects and potentially important effects could be overlooked due to small sample size.

Answer:

We fully agree with the reviewer that sample size is an important factor when judging confidence in the effect estimates observed (conclusions). Sample size was considered when assessing the risk of bias of the studies, using PROBAST (cfr. infra). In prediction model studies, overall sample size matters, but the number of participants with the outcome is even more important. Sample size considerations for model development studies have historically based on the number of events per variable (EPV) or per predictor. In general, studies with EPVs lower than 10 are likely to have overfitting, whereas those with EPVs higher than 20 are less likely to have overfitting (Moons et al., Annals of Internal Medicine, 2019, pmid: 30596876). We used the PROBAST tool to critically appraise the method of analysis used in the individual studies, including the sample size used (see Figure S1 -- signalling question 'ANALYSIS -- Were there a reasonable number of participants with the outcome?'). We finally downgraded the level of evidence due to overall high risk of bias (also risk of bias related to 'analysis' was considered as 'high', see results section page 22, lines 11-18)

Comment 5

If the focus is on individual predictors, then perhaps meta-analysis of (adjusted) effects (where reported) could have been performed to arrive at overall conclusions for these factors rather than discounting them due to p-values in individual studies, or at least considering all reported associations rather than significant ones.

Answer:

We were unable to perform any meta-analysis because of the large variation in predictor variables, outcome definition (PPR, total presentations, injury status) and modelling techniques (linear, logistic or Poisson regression, or simple correlations). Moreover, some studies publish parameter estimates without standard errors. Therefore, not a single set of estimates, sufficiently similar to each other to be pooled in a meta-analysis, could be formed.

Comment 6

The quantities of interest are not clear in the methods. If interested in prediction models, I would have expected to see measures of predictive performance (more than just R2) such as measures of calibration. Instead a range of quantities were reported including median error which isn't clear what that means.

Answer:

The main quantity of interest is the prediction model itself (if provided), as shown in Table S1. In the revised manuscript, measures of predictive performance are evaluated within the PROBAST tool (see Figure S1 -- signalling question 'ANALYSIS -- Were relevant model performance measures evaluated appropriately?'). The evaluation shows that only one study reported a measure of predictive performance: the median error by Arbon 2018. This median error is the median difference between observed and predicted patient presentations for all included manifestations. Because median error is a measure of predictive performance and not an effect size itself, we removed it from the "effect size" column Table S1. Thus, the term median error is not mentioned anymore in the text or tables and needs no further explanation.

Comment 7

If the focus is on predictor effects, why were external validation studies included? If this is a secondary aim of the review, then perhaps it could be separated. For example, table 1 includes validation studies with lists of candidate predictors, yet a validation study would assess performance of the model and the predictors included are fixed.

Answer:

We were both interest in predictors from new prediction development models/studies as well as the internal/external validation of these predictors. Therefore, our general study aim was "to identify studies that developed or validated a multivariate statistical model to predict medical usage rates at mass gatherings" (page 5, lines 7-9). We agree with the reviewer that results from development and validation studies should be separated for clarification purposes. Therefore, we sorted the included studies in table 1 per study design: prediction model development studies without external validation vs prediction model development studies with internal validation vs external model validation studies. In the results section of the manuscript, the results from the prediction model studies were separated from the external validation studies.

Comment 8

Also, included 'validation studies' in this review includes models that were applied for a single gathering, which is just a prediction (which is then compared to the observed rates) rather than a proper validation study. This should at least be discussed.

Answer:

Validation studies were defined according to Moons et al (see reference 9) as "studies that aimed to assess and compare the predictive performance of an existing prediction model (i.e. models by Arbon/Zeitz in the 3 included validation studies) using new participant data that were not used to develop the prediction model (i.e. data from 3 electronic dance music festivals (Fitzgibbon 2017), Baltimore Grand Prix (Nable 2014) and Royal Adelaide Show (Zeitz 2005)) and that possibly adjust or update the model in case of poor performance based on the validation data (i.e. models in these 3 studies were not updated)."

Other minor comments:

Comment 9

Might be better to refer to 'events' as mass gatherings as 'event' may be confused with outcome.

Answer:

We agree with the reviewer and changed 'events' to 'manifestations' throughout the manuscript.

Comment 10

Rather than 'multivariate', I think the authors mean 'multivariable' i.e. multiple variables in a model rather than modelling multiple outcomes. This is rather confusing when some studies developed models (in particular page 8, lines 15-16).

Answer:

We agree with the reviewer and changed this accordingly.

Comment 11

Page 8, results: In addition to total mass gatherings, would be helpful to give the range and median.

Answer:

We agree with the reviewer and added this information in the manuscript (page 10, lines 7-8).

Comment 12

Table 1: don't agree that studies are cross-sectional as gatherings occurred at different times. Several are databases (sometimes retrospective) of gatherings.

Answer:

We agree with the reviewer and removed the term 'cross-sectional'

Comment 13

Table 1 or S1-3: Would be useful to know which type of model was used for each outcome e.g. linear, Poisson etc.

Answer:

We agree with the reviewer and added this information in an extra column in table 1.

Comment 14

Please correct language throughout. A few examples include, page 7, line 14: 'model against which the actual data were validated', page 15 line 8: multivariate predictors,

Answer:

We agree with the reviewer and changed this accordingly

Comment 15

Not clear if most models were reported in a way that could be used for prediction e.g reporting the full model equation including the intercept or just predictor effects.

Answer:

We agree with the reviewer and added a column in tables S1-S3 to indicate whether a full model equation was available (or not). Summarized information was added in the results section of the manuscript (page 19, lines 13-14; page 20, line 11; page 21, lines 13-15).

Reviewer \#2: Thank you so much for giving me the opportunity to review this important manuscript.

This work provides information to aid effective planning of mass gatherings, which are on the increase in every society. The authors pointing to the fact that the United Nations, through the World Health Organization, is paying serious attention to mass gatherings, with the recommendation of mass gathering medicine for all the WHO member states. For the relevance of the topic, I score this manuscript high and suggest that it should be accepted for publication, subject to addressing the obvious gaps I highlighted in each of the sections below (introduction, results, discussion and conclusion):

Introduction Section

Comment 1

The justification for the study is weak. The main justification that the authors provide for this study is contained in the two sentences below:

"Since mass gatherings attended by large crowds have become a more frequent feature of society, mass gathering medicine was highlighted as a new discipline at the World Health Assembly of Ministers of Health in Geneva in May 2014. As a consequence, the amount of international initiatives and meetings on mass gathering medicine has increased over the past decade as has the number of experts and the amount of publications on pre-event planning and surveillance for mass gathering".

However, the frequency of mass gathering, the recommendation of mass gathering medicine for the WHO member states by the WHO and the increase in international initiatives and meetings on mass gathering medicine, are not a strong public health/clinical problem to justify a study. It is important to clearly state the specific clinical, public health and economic risks associated with mass gatherings to justify this study. For instance, do mass gatherings increase the risks of diseases and mortality to the participants and the larger society? What are the economic and social problems associated with mass gatherings that may dove tail into major health problems? The authors have mentioned "Patient presentation rate (PPR), Transfer to Hospital Rate (TTHR) and new injuries" as the major health problems but these alone cannot attract the attention of policy makers to invest in interventions to minimize the risks of mass gatherings. In the developing countries, there are far more important public health and developmental problems than PPR, TTHR and new injuries, to attract the attention of government. Therefore the authors must show what the society is suffering on account of mass gathering to strongly justify this study.

The authors also need to show how poor planning of events increase the risks associated with mass gathering. This is so because the findings of the study are intended to promote effective pre-event planning. If policy makers cannot see the risks of poor event planning, why should they care to make policies that would encourage effective planning?

Answer:

We agree with the reviewer and provided additional introductory information to justify our review as follows (pages 4, lines 10-21): "Mass gatherings are associated with increased health risks and hazards such as the transmission of communicable diseases, exacerbation of non-communicable diseases and comorbidities (e.g. diabetes, hypertension, COPD, cardiovascular events) and an impact on mental/physical health and psychosocial disorders." (ref pmid 31106753)

Furthermore, the mental health consequences of traumatic incidents at mass gatherings can be prolonged with stress to people, families, and communities resulting in short-term fear of death as well as general distress, anxiety, excessive alcohol consumption, and other psychiatric disorders. If mass gatherings are improperly managed, this can lead to human, material, economic or environmental losses and impacts (pmid 27062983)

Therefore, the development of (cost-)effective methods for the planning and handling of the health risks associated with mass gatherings will strengthen global health security, prevent excessive emergency health problems and associated economic loss, and mitigate potential societal disruption in host and home communities (pmid 22252148)."

Results Section

Comment 2

The result section has six sections: (1) Study selection, (2) factors that predict patients' presentation (rate) (3) Factors that predict transfer to hospital (rate) (4) factors that predict the incidence of new sport injuries (5) external model validation studies and (6) Graded assessment. My comments on each of the sections are provided below:

\(1\) Study selection,

This section is too detailed and elaborate. Some of the information provided in this section should be taken to the methods section. For instance, the following sentences can go to the methods:

"Fig 1 represents the study selection process used" -- This sentence has nothing to do with results

"A mix of different types of mass events was included such as sports (spectator) events (e.g. soccer games, auto races, (half-) marathon), music concerts (indoor/outdoor), fete/carnivals, public exhibitions and ceremonial events". This sentence has nothing to do with results. It's a method statement.

"Data were collected in 8 studies between 2005-2015, in 7 studies between 1995-2005, and in 2 studies between 1980-1995".

The above sentences are not part of the results and therefore should not be included in the results.

We can summarize the entire section by providing only significant information that tally with the aim of the study. Here is my recommendation below:

"We included 17 cross sectional studies and more than 1,700 mass events (more than 48 million people attending these vents). Majority of the studies (n=13, 76%) were conducted in the USA (n=9, 52.94%) and Australia (n=4, 23.52%); with a few studies from Japan (n=1, 5.88%), Singapore (n=1, 5.88%), South Africa (n=1, 5.88%) and The Netherlands (n=1, 5.88%). Most of the studies \[n= 15, 88.23%) measured influx at first aid posts as an outcome, while nearly half of the studies (n=7, 41.17%) focused on transfer to the hospital, with a few studies (n=3, 17.64%) assessing the incidence of new (non-)medical injuries/complications as the outcome. Almost all the studies investigated whether at least one of the following environmental candidate predictors were associated with medical usage (rates): Thirteen studies (76.47%) assessed weather; 12 (70.58%) studies assessed crowd size; etc"

Answer:

According to items 19 and 20 of the PRISMA checklist (see Appendix S1), describing details on the study selection and the characteristics of included studies is an essential part (first paragraph) of the results section, and also in other systematic reviews the results of the study selection and the characteristics of the identified studies are described as a result (and not as a method). Therefore, we would like to keep this information in the results section.

Comment 3

\(2\) Factors that predict patients' presentation (rate)

Again, there are several sentences in this section that should be moved to the discussion section. Any sentence that clarifies or justifies an observation should go to the discussion, e. g., this sentence:

"In a recent study by Arbon et al., temperature (i.e. \<23.5°C vs ≥23.5°C and \<25.5°C vs ≥25.5°C) was included in a non-linear regression tree model with a lower total number of patient presentations in case of higher temperatures". This sentence is not a result but supporting information. Please note that in the result section, the guidelines requires only the findings to be presented without justifying or supporting them with references. We can do this in the discussion section to illustrate the consistency of our findings with the findings of other researchers.

\(3\) Factors that predict transfer to hospital (rate)

The comments made in (2) above applies here also.

\(4\) Factors that predict the incidence of new sport injuries

The comments made in (2) above applies here also.

Answer:

The result of a systematic review is a number of included studies answering the research/PICO question. The results described here are data from one/several of the included studies (e.g. Arbon et al 2018; this is not a supporting reference but one of the included studies from our systematic review, and therefore "a result", we changed this accordingly in the manuscript as follows: "in one of our included studies...."). Therefore, the authors believe that this is appropriate information (results + corresponding reference) for the results section.

Comment 4

In order to portray the significance of the factors and their contributions, I suggest that percentages (%) should be used instead of just mentioning the factors and the number of studies that reported them. If the data will allow, the P-values should also be reported in all the predictable factors. Importantly, note that this sections deals with only the predictors and not the studies.

Answer:

We agree with the reviewer and reported additional information regarding ALL predictor variables included in the multivariable models (not only the statistical significant ones) (Page 18, lines 2-6; page 19, lines 23-26; page 20, lines 24-29). Since we were not able to perform meta-analyses we were not able to report individual p-values for each predictor variable/study. We provided the available individual p-values in the supplementary tables S1-S2-S3. In the manuscript, we summarized this information by defining statistically significant as a p-value below 0.05 (cfr. methods section, page 8, line 19).

Discussion

Comment 5

The first paragraph of the discussion is a repetition of information that is well documented in previous sections. Perhaps, starting the discussion with the major findings of this study will be more exciting as an introduction to the discussion than repeating the work that was done.

Answer:

The authors believe that the first paragraph of the discussion reflects the major findings (cfr. aim at the end of the introduction) of our systematic review, namely: 1) the number of prediction development and validation studies included, 2) providing an overview of environmental and biomedical factors that were associated with medical usage rates and 3) major conclusion regarding the quality of the included studies.

Comment 6

The findings of the study should also be discussed in line with the findings of other authors, since it was reported in the introduction that there are has been an "increased over the past decade in the number of experts and the amount of publications on pre-event planning and surveillance for mass gathering".

Answer:

As described in the second paragraph of the discussion (page 23, lines 12-14), we addressed that our manuscript is the first systematic review (according to rigorous methodological standards (cfr. Cochrane handbook) that systematically analyzed and critically appraised the available literature in this field (cfr. our PICO question). With this review, we were able to capture all relevant papers in this field, answering our PICO question. In this second paragraph, we compared our findings with other non-systematic (i.e. descriptive/narrative) reviews in this field (page 23, lines 14-24).

Comment 7

Conclusion

I suggest that the conclusion should be revised to show that the two major aims of conducting the study have been achieved. The implications of the findings should also be stated.

Answer:

We agree with the reviewer and rephrased the conclusion as follows (page 25 lines 27-30 & page 26 lines 1-6): "This systematic review identified multivariable models that predict medical usage rates at mass gatherings. Different biomedical (i.e. age, gender, level of competition, training characteristics and type of injury) and environmental (i.e. crowd size, accommodation, weather, free water availability, time of the events and type of the events) predictors were associated with medical usage rates. Since the overall quality of the evidence is low and no generic predictive model is available today, proper development and validation of a context-specific model is recommended. Future international initiatives to standardize the collection and analysis of mass gathering health data are needed to enable the possibility for meta-analyses, comparison of events across societies and modelling of various scenarios to inform health services. This will finally result in a more cost-effective pre-hospital care at mass gatherings."

Reviewer \#3: Hans Van Remoortel et al have done a systematic review of prediction models for medical usage rates in mass gatherings. It is a well reported and conducted study and authors have appropriately used the PRISMA checklist. I had a few queries, however, and have the following comments and suggestions to further strengthen the paper:

Comment 1

Multivariate refers to analyses used in longitudinal studies where outcomes are collected over multiple time points. I do not think this is what the authors mean when they use this term in their paper. Prediction models are often multivariable, where multiple predictors are used in the right-hand side of the model, not multivariate. Please could authors clarify and make necessary changes throughout the paper, including the supplementary information.

Answer:

We agree with the reviewer and changed the wording (i.e. multivariable instead of multivariate) accordingly throughout the manuscript.

Comment 2

Authors use the CHARMS checklist to assess the risk of bias of the included risk prediction models, which is designed for the critical appraisal and data extraction for systematic reviews of prediction models and not necessarily/explicitly the risk of bias of prediction models. Please discuss how this tool was used to assess the risk of bias of the included prediction modelling studies. PROBAST: A Tool to Assess the Risk of Bias and Applicability of Prediction Model Studies was published earlier this year; did authors consider assessing the risk of bias of the prediction models using PROBAST?

Answer:

We thank the reviewer for this valuable comment. Since the paper of the PROBAST tool was published after we submitted our manuscript, we were not able to use this tool initially. However, we agree with the reviewer (and double checked with the first author of the PROBAST paper, Karel Moons) that the PROBAST tool is the most recent tool to assess the risk of bias compared to the CHARMS checklist. Therefore, the 2 reviewers independently used the PROBAST tool to reassess the risk of bias (20 signalling questions on 4 domains) and checked for applicability concerns for the 16 included studies. We added or changed information in the methods and results section accordingly (page 8, lines 3-16; page 22, lines 13-28).

Comment 3

Page 2, line 25 (abstract): what is meant by '(low certainty evidence)'?

Answer:

The GRADE methodology was used to assess the certainty of the evidence (also known as quality of evidence or confidence in effect estimates). Low certainty of the evidence means that the likelihood is high that the true effect of a predictor variable may be substantially different from its effect estimated by the research and, hence, that knowledge of the true effect would lead to different practical decisions than the estimated effect.

According to the GRADE methodology, judgements about the certainty of the evidence are based on factors that reduce the certainty (risk of bias, inconsistency, indirectness, imprecision, publication bias) and factors that increase the certainty, such as large magnitude of effect. For clarification purposes, we changed the information regarding the GRADE methodology in the methods section (page 7, lines 20-29 & page 8, lines 1-3).

Comment 4

Page 2, line 25 (abstract): last sentence reads more like a conclusion than a result. Can authors clarify this?

Answer:

Our review included 14 prediction model development studies (with or without internal validation) and 3 external validation studies (without model updating), see table 1. This last sentence refers to the key results from the 3 external validation studies. We rephrased this sentence as follows: "Evidence from the external validation studies indicated that using Arbon's or Zeitz' model in other contexts significantly under- or overestimated medical usage rates (from 22% overestimation to 81% underestimation)"

Comment 5

Page 2, line 29-30: I don't think this conclusion is supported by what written in the results of the abstract.

Answer:

We agree with the reviewer and changed the conclusion as follows: "This systematic review identified multivariable models that predict medical usage rates at mass gatherings. Different biomedical/environmental predictors were associated with medical usage rates. Since the overall quality of the evidence is low and no generic predictive model is available today, proper development and validation of your context-specific model is recommended."

Comment 6

The selection of papers is slightly confusing, and the checking of conflicts seems to occur late in the process. Reviewers independently review the publications and only resolved disagreements at the final stage. This is after title and abstract, and full text screening, and I wonder why this process was chosen and what impact this might have had on the results? Did authors consider checking disagreements earlier, after title and abstract screening? How did they ensure eligible papers were not discarded, as results are only checked at the final stage after reviewers may have excluded an eligible paper?

Answer:

All abstracts/papers included after title and abstract screening were considered and discussed between the two reviewers, but not immediately after title and abstract screening but after full text assessment. This was done because information required to make a judgement on eligibility is often not available in the abstract. The independent title/abstract/full text screening by the 2 reviewers together with screening of the 20 first related citations in Pubmed for the included studies were maximal efforts to prevent missing eligible papers. We rephrased the relevant sentence in the methods as follows: "Two authors (HVR and HS) independently screened the titles and abstracts of all references yielded by the search. Subsequently, the full text of each article that potentially met the eligibility criteria was obtained, and after a full-text assessment, studies that did not meet the selection criteria were excluded. Any discrepancies between authors was resolved by consensus or by consulting a third reviewer (EDB)."

Comment 7

Page 7, line 5: please amend ellipsis in '(sport, music, public exhibitions, ...)'.

Answer:

We changed this accordingly.

Comment 8

Page 8, line 4: rethink/omit use of word 'scrutinise'.

Answer:

We changed 'scrutinised' into 'screened'.

Comment 9

Page 8, line 5: remove 'eventually'.

Answer:

We changed this accordingly.

Comment 10

Page 8, lines 8-10: numbers and percentages to support statement needed.

Answer:

We added this information accordingly

Comment 11

Page 8, lines 12-13: please out in chronological order for easier readability.

Answer:

We rephrased this sentence accordingly.

Comment 12

Table 1: a column for regression type used would be useful.

Answer:

We agree with the reviewer and provided this information in an additional column.

Comment 13

Table 1: could the sample size be more clearly written -- total sample and number of events?

Answer:

We agree with the reviewer and clarified this explicitly in the column 'Population -- mass gathering events'

Comment 14

Table 1: could total number of predictors included in the final model also be included?

Answer:

We added this information in the column 'candidate predictors'

Comment 15

References in the results are confusing -- could the reference numbers be added to Table 1 so it is easier to link included papers to reference numbers.

Answer:

We agree with the reviewer and added the reference in the first column.
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PLOS ONE

Dear Dr. Van Remoortel,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

We would appreciate receiving your revised manuscript by Jul 02 2020 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Tim Mathes

Academic Editor

PLOS ONE

Additional Editor Comments (if provided):

Editor:

This is an interesting manuscript. However, before beinig considered for publication some minor issues in the methods section should be clarified.

1\. Please clarify how many reviewers performed the risk of bias assessment. In addition, the risk of bias assessment should be described in an own section. In general, please try to use headings as suggested in PRISMA.

2\. GRADE was not developed to assess studies on risk prediction models. Therefore, the conduct of the GRADE assessment should be described in much more detail.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: (No Response)

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: N/A

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The authors have addressed some of my original comments, however a few points remain.

Page 5, lines 7-9 (In relation to my original comment 1): The 'external validation' studies (see later comment) still do not fit with the current aims. Perhaps break down the objectives, for example:

1\) To identify multivariable prediction models for any outcome at mass gatherings.

2\) To summarise evidence for individual predictors of outcomes at mass gatherings

3\) To summarise predictive performance of the models in the development studies as well as when applied to new settings.

Measures like R2 would then be for objective 3 and you may wish to summarise performance of models under a separate heading in the results.

Page 6, line 29 & Page 8, line 17: While I appreciate that the authors are considering sample size as part of their risk of bias assessment for studies, I'm still uneasy with the authors saying that they only extracted information for 'statistically significant' predictors. If meta-analyses were possible, you wouldn't exclude non-significant effects as the aim is to pool all the evidence for the predictor so why exclude them here, just because a meta-analysis is not possible in the end? Predictors may appear significant by chance in some studies (overfitting) and not in other studies (when they are important) due to small sample size or because it is highly correlated with another variable in the model. In fact, I think the authors have already addressed this based on another reviewer\'s comment and now report for all predictors so they could just remove mention of significance in the methods.

External validation studies: I don't think the authors understood my original comment 8. Because the observations (data points) here are mass gatherings, seeing how well the model predicted for a single mass gathering is just a prediction to a new observation, rather than an external validation as such. It's the same as predicting risk of death for a single person and comparing to if they died or not -- the uncertainty is huge and you would need to predict for many individuals to say whether the model predicts well or not. So here, you would need a dataset with many mass gatherings, similar to what was used to develop the model. The model could over and under predict for individual gatherings but calibrate well overall, so we just don't know from one or even 3 gatherings. Therefore, I suggest you refer to these predictions as something other than external validation. Maybe refer to it as 'application of prediction models for mass gatherings' or something similar and discuss that not much can be concluded from individual predictions but that the models would need to be validated in larger datasets of mass gatherings.

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: Yes: Yohanna Kambai Avong

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 1

5 Jun 2020

Additional comments from the Editor

This is an interesting manuscript. However, before beinig considered for publication some minor issues in the methods section should be clarified.

1\. Please clarify how many reviewers performed the risk of bias assessment. In addition, the risk of bias assessment should be described in an own section. In general, please try to use headings as suggested in PRISMA.

Answer:We revised the manuscript and 1) added that the 2 reviewers independently performed the risk of bias assessment (page 8, lines 26-27), 2) restructured the information of the methods and results section into paragraphs that are now ordered according to the PRISMA checklist (including a separate paragraph on risk of bias assessment).

2\. GRADE was not developed to assess studies on risk prediction models. Therefore, the conduct of the GRADE assessment should be described in much more detail.

Answer: We agree with the Editor and further elaborated on using the GRADE approach to rate the certainty of the evidence in prediction modelling studies (see methods section, pages 10-11).

Reviewer \#1:

The authors have addressed some of my original comments, however a few points remain.

1\. Page 5, lines 7-9 (In relation to my original comment 1): The 'external validation' studies (see later comment) still do not fit with the current aims. Perhaps break down the objectives, for example:

1\) To identify multivariable prediction models for any outcome at mass gatherings.

2\) To summarise evidence for individual predictors of outcomes at mass gatherings.

3\) To summarise predictive performance of the models in the development studies as well as when applied to new settings.

Measures like R2 would then be for objective 3 and you may wish to summarise performance of models under a separate heading in the results.

Answer: We agree with the reviewer and rephrased the study objectives at the end of the introduction (Page 5, lines 7-11). In the results section, we rephrased the subheading 'external model validation studies' into 'predictive performance of the models' and added relevant information (e.g. R2) from the prediction development studies here. (Page 21, lines 12-22).

2\. Page 6, line 29 & Page 8, line 17: While I appreciate that the authors are considering sample size as part of their risk of bias assessment for studies, I'm still uneasy with the authors saying that they only extracted information for 'statistically significant' predictors. If meta-analyses were possible, you wouldn't exclude non-significant effects as the aim is to pool all the evidence for the predictor so why exclude them here, just because a meta-analysis is not possible in the end? Predictors may appear significant by chance in some studies (overfitting) and not in other studies (when they are important) due to small sample size or because it is highly correlated with another variable in the model. In fact, I think the authors have already addressed this based on another reviewer\'s comment and now report for all predictors so they could just remove mention of significance in the methods.

Answer: Correct, we changed this information (i.e. both the statistically significant and non-statistically significant factors from the multivariate models are relevant/important) throughout the manuscript, including at page 6, lines 17-18, and at page 9, line 1.

3\. External validation studies: I don't think the authors understood my original comment 8. Because the observations (data points) here are mass gatherings, seeing how well the model predicted for a single mass gathering is just a prediction to a new observation, rather than an external validation as such. It's the same as predicting risk of death for a single person and comparing to if they died or not -- the uncertainty is huge and you would need to predict for many individuals to say whether the model predicts well or not. So here, you would need a dataset with many mass gatherings, similar to what was used to develop the model. The model could over and under predict for individual gatherings but calibrate well overall, so we just don't know from one or even 3 gatherings. Therefore, I suggest you refer to these predictions as something other than external validation. Maybe refer to it as 'application of prediction models for mass gatherings' or something similar and discuss that not much can be concluded from individual predictions but that the models would need to be validated in larger datasets of mass gatherings.

Answer: We thank the reviewer for this clarification and full agree with this comment. Therefore, we rephrased/removed (where needed) the term validation throughout the manuscript when reporting/discussing on these 3 studies, including that 1) no validation studies of prediction models in big data sets of mass gatherings were identified, 2) applications of prediction models of Arbon/Zeitz in few mass gatherings were present in 3 studies and 3) future validation studies in big data sets is needed.
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Dear Dr. Van Remoortel,

We're pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it meets all outstanding technical requirements.

Within one week, you'll receive an e-mail detailing the required amendments. When these have been addressed, you'll receive a formal acceptance letter and your manuscript will be scheduled for publication.

An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial Manager at <http://www.editorialmanager.com/pone/>, click the \'Update My Information\' link at the top of the page, and double check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to help maximize its impact. If they'll be preparing press materials, please inform our press team as soon as possible \-- no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.
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Tim Mathes
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Dear Dr. Van Remoortel:

I\'m pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please let them know about your upcoming paper now to help maximize its impact. If they\'ll be preparing press materials, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

If we can help with anything else, please email us at <plosone@plos.org>.
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